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INTEREST in the effects of cold and desiccation on normal and neoplastic
tissues was recently stimulated by the work of Gye and his colleagues (Gye,
Begg, Mann and Craigie, 1949; Mann, 1949a, i949b, 1949c). Theseinvestigators
showed that embryonic mouse tissue which normally grew when transplanted
did not do so afterfreezing to atemperature of 79' C. (Mann, 1949a), whereas
a chemically induced and two sporadic mouse sarcomata were transmissible
following freezing to 79' C. and storing at that temperature and after drying
from the frozen state (Gye, Begg, Mann and Craigie, 1949). In addition, mouse
breast carcinoma which had been frozen to -79' C. gave rise to tumours when
inoculated into mice (Mann, 1949b, 1949c). From these results it was concluded
that since the physical treatments kiRed the normal embryo cells, they must also
havekilledthetumourceRs, andthatthe tumourswhich arosefromthoinoculations
oftreatedm'aterial must have been causedby aviius liberated from the dead cells.
The claims ofGye and his co-workers have been much criticized; Hirschberg
and Rusch(1950), PasseyandDmochowski(1950),Passey,Dmochowski, Lasnitzki
and Millard (1950) and Wamer and Gostfing (1950) have allpointed out the great
weakness oftheassumptionthat sinceembryonic cellsfailedto growafterexposure
to low temperature, such treatment is lethal to aR cells. These recent authors
have each reviewed some ofthe'extensive work reported in the last forty years,
which shows that ofboth normal andneoplastic tissues in manyspecies, some will
and some will not survive exposure to extreme cold.
In view of this great variation in response to cold shown by different tissues,
it was felt that an investigation into the effects of freezing and drying upon a
tumour affecting a non-mammalian host would be of value ; the Rous No. I
fowl sarcoma was selected. Since it is a tumour from which a virus is easily
separable, it was considered that the effects of cold and desiccation should be
investigated upon the virus and the ceRs separately.
That the virus was able to survivefreezing anddrying has been estabhshed for
some time (Knox, 1939a; Hoffstadt and Tripi, 1946; Dmochowski, 1948; Carr
and Harris, 1951), and it has also been know-n to retain its tumour-producing
activity after the ap'plication of cold by repeated freezing and thawing (Cramer
and Foulds, 1930; Selbie and McIntosh, 1939).
However, the response of the cells of the Rous sarcoma to freezing and desic-
cation has not hitherto been ascertained. Many workers have assumed that
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Rous sarcoma cells cotld not survive desiccation (Rous, 1913 ; Rous andMurphy,
1913) 1914; Murphy and Landsteiner, 1925), but Nakahara (1926) was able to
show that desiccated Rous material reconstituted with sahne contained many
cells apparently afive when subjected to vital staining, as well as many which
showed movement in tissue culture. Similarly, repeated freezing and thawing
has long been considered lethal to the cells (Rous and Murphy, 1914), although
only Cramer and Foulds (1930) have offered any evidence for this. Both Simonin
(1931) and Klinke (1940) have carried out tissue culture studies on the effect of a
single application of cold on Rous cells; neither was able to obtain evidence of
cell growth aftert'he treatment with the methods of culture which they used.
Withregard to theproblem ofwhetherrepeatedfreezing andthawing ofRous
sarcoma tissue before extraction allows more virus to be liberated from the cells
than is possible where no such treatment is applied, the evidence from previous
work is scanty. Nakahara and Yaoi (1930) found that Rous sarcoma material
which had been subjected to repeatedfreezing and thawing was less active when
injected than similar untreated material, whidst Selbie and McIntosh (1939) were
able to prepare from Rous tumour treated in this way filtrates with a greater
tumour-producing activity than those made from untreated samples. Selbie and
McIntosh (1939) considered that repeated freezing and thawing broke up the
ceRs and allowed a greater liberation of virus than would otherwise occur, and
the method has been used for obtaining good yields of Rous virus in various
investigations (Knox, 1939b ; PoRard, 1939).
Theworkreportedhere consistsofexperimentsuponthe effectsoftemperatures
just below '70' C. and drying from the frozen state, on the viabihty ofthe cells
and virus of the Rous No. I fowl sarcoma as judged by changes in their tumour-
producing activity. An attempt has also been made to estabhsh whether or not
repeatedfreezing and thawing of Rous tumour affects the amount of virus which
it will yield. A quantitative biological method has been used throughout, as
suggested by Craigie (1949b).
MATERIALS AND METHODS.
Tumour.-The Rous No. I fowl sarcoma used was derived from that first
introduced into the Bland-Sutton Institute in 1925, and maintained by passage
since then.
Animal8.-Pedigreed Brown Leghorn fowls from the Institute of Animal
Genetics, Edinburgh, have been used in the experiments. They were between
eight and nineteen weeks old when inoculated, apart from four exceptions which
were slightly older, and belonged to three susceptible inbred lines developed at
Edinburgh, or crosses derived from them. The fines and crosses used were
Intensity, Breeding, Non-moult, Breeding hen x Intensity'cock, and Intensity hen x Breeding cock, and have been described by Greenwood, Blyth and Carr
(I948) ; both the age at which the birds were inoculated and the line or cross to
which they belonged were determined by the exigencies ofsupply.
Preparation and treatmentof tumour material.
For eachexperiment a bird with alarge activelygrowing sarcoma ofanything from 15 to 27 days' growth from the date of inoculation was selected as a source
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cut small with scissors, and disintegrated in a mechanical blender (" Ato-mix
"
of.Measuring and Scientific Equipment. London) ; trapped air was removed from
the disintegrated tumour by centrifugation. The method has been described in
detail in a previous paper (Epstein and Cook, 1951). When prepared, the
disintegrated tumour was loaded into a Record syringe for easy manipulation.
Where disintegrated tumour was to be subjected to cold or desiccation, the
treatment was apphed as follows:
Freezing and storing.-Amounts of I c.c. ofdisintegrated tumour were loaded
from a Record syringe with a long needle attached, into the bottom ofampoules
having a stem of 6 mm. bore, and a bulb of 15-5 mm. bore (supplied by W. H.
Edwards & Co., London). The ampoules were attached one after the other by a
2-5 cm. length of thick rubber tubing to the spindle of a I/10 h.p. electric motor,
suspending the ampoule verticafly within a 2-4 cm. diameter shielding brass tube
as has been described by Wamer and Gostling (1950, Fig. 1). By starting the
motor and setting the ampoule rapidly spinning on its longitudinal axis, a thin
even film ofdisintegrated tumour was obtained on the inside of the bulb of the
ampoule. With the ampoule spinning, a beaker of alcohol and carbon dioxide
ice at a temperature just below 70' C. was raised -to surround the ampoule,
thus veryquicklyfreezing its contents in a thin shell. The ampoules were sealed
whenfrozen and stored at 75' C. in aninsulated carbon dioxideicestorage box ;
during the brief time required for seafing, thawing did not take place. When
required, the ampoules were thawed by immersion in water at 22' C.
Dryingfrom thefrozen8tate.-The apparatus wasessentiaRy that employedby
Craigie (1949a), and as used here has been described by Warner and Gosthng
(1950, Method 1, Fig. 3). Before use, the apparatus was evacuated to give a
pressure reading on the Pirani gauge of between 0-005 and 0 mm. Hg. Dis-
integrated tumour was shell frozen inampoules as hasjust been described; when
ready, the rubber tubes on the side arms of the manifold were chpped with
Spencer Wells forceps, the glass rod stoppers were removed, and ampoules
attached in their places. The forceps W'ere then released, causing a rapid rise of
pressure within the apparatus ; this fell within five minutes to the original level,
which was then maintained until the end oftheperiod ofdrying, which lasted for
3 to 5 hours. At the end ofthis time theampoules wereremoved, rapidlysealed,
and stored at about 4' C. untilrequired. Whenrequired, ampoules wereopened,
I c.c. of distilled water was added to each, and their contents were reconstituted
by mixing with a sterile wooden stick.
Repeated freezing and thawing.-Disintegrated tumour was shell-frozen in
ampoules as has been described, and was at once thawed. The process of
freezing and thawing was rapidly repeated five times, after which the material
was ready for use.
Preparatiom wedfor inoculation.
All samples of disintegrated tumour, both those left untreated and those
subjected to freezing and storing, or freezing and drying, or repeated freezing
and thawing, were made in each case into a virus suspension and a preparation of
washed cells.
Virus suspen8ion.-This consisted of 30 c.c. of a 10 per cent vol./vol.
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were separated off by centrifuging in an angle centrifuge at 3500 r.p.m. for 15
minutes, decanting the supernatant fluid obtained, and recentrifuging it aga'in
in a horizontal centrifuge at 6000 r.p.m. for a further 15 minutes. The resulting
clear supernatant fluid was decanted and used here as the virus suspension.
Washed cells.-This preparation consisted of the cellular material deposited
during the angle centrifugation just described, washed by suspending in about
15 c.c. of saline and centrifuging in a horizontal centrifuge at 6000 r.p.m. for 15
minutes, resuspending the deposit in fresh saline, and performing the procedure
either three (Experiment 1) or six-(Experiment 4) times. The cellular deposit
from the last washing was finally resuspended in a volume of saline equal to that
of the original suspension (30 c.c.) from which it was derived and was used here
as the washed cell preparation.
Experimentalprocedure.
Experiment 1. tumour was prepared and was divided into
various samples; one was left untreated, whilst each of the others was subjected
to freezing and storing, or repeated freezing and thawing, or drvin-a from the
frozen state. All the samples of disintegrated tumour, both'that left untreated
and those subjected to one of the three forms of physical treatment, were then
each made into a virus suspension and a preparation of washed cens; these
were diluted in serial tenfold steps with saline ready for inoculation.
Experiments 2 and 3.-In each experiment a virus suspension was prepared
from untreated disintegrated tumour in the manner described above; 1 c.c.
was then added to I c.c. of each of two sera from' fowl whose Rous tumours had
regressed, and to I c.c. of pooled sera'from 6 normal fowl. In addition, I c.c.
amounts of the virus suspension were added to I c.c. volumes of dflutions of the
sera made in serial ten'fold steps 'with sahne. The mixtures of virus suspension
and neat or diluted serum wereincubatedin a water-bath at 37' C. for 30minutes,
and samples of each were then taken for inoculation. All the sera used were
preserved by the addition of 1 per cent merthiolate in such quantity as to give a
final dilution of I in 15,000.
Experiment 4.-In itsearlypart this was arepetition ofExperiment 1, inwhich
virus and cefl preparations were made from both untreated and treated dis-
integrated tumour; before seriaHy diluting the preparations for inoculation,
however, each was divided into two samples. One sample of each preparation
was mixed and incubated with an equal volume of saline and the other with an
equal volume of serum (diluted I in I0 with sahne). The serum used (E) was
from a fowl whose Rous tumour had regressed and was one which had beenshown
to have strong anti-Rous virus neutralizing powers in Experiments 2 and 3. In
that part of the experiment in which the virus and ceR preparations were made
from disintegrated tumour subjected to freezing and storing (Experiment 4c),
samples of the preparations were mixed with an equal volume ofpooled normal
serum(diluted 1 in IO withsaline), as well as with safine andNeutrahzingSerumE.
All the mixtures were incubated in a water-bath at 37' C. for 30'minutes, after
which, part of each mixture was set aside ready for inoculation and part used to
make dilutions in serial tenfold steps with saline, portions of each dilution being taken for inoculation.
Inoculations.-Inoculations were made into the breast and thigh muscles of321 EFFECTS OF COLD AND DESICCAT10N ON ROUS SARCOMA
fowl; each inoculum was 0-5 c.c. in volume, and four inoculations of each
preparation or dilution of a preparation were made.
When inoculating preparations whose tumour-producing potencies were to be
compared with one another, theinjections ofmaterial from eachpreparation were
madeintoseparategroups ofbirds ; theschemeforthedistributionoftheinjections
of the various dilutions of each preparation amongst the birds in a group was the
same in every case. Any possible masking of tumours which would have arisen
late from inocula ofhigh dilution, owing to the early death ofbirds from tumours
developing rapidly from inocula of low dilution, was therefore spread equaRy in
each group of birds.
Examination offowl.-All the birds were examined every week, and all the
tumours which developed, including those few which subsequently regressed,
were recorded. Every bird which died or which was killed at the conclusion of
an experiment was submitted to post mortem examination; histologi'cal investi-
gations were carried out upon all material the nature of which could not be
diagnosed macroscopically.
Durationofexperiments.-Theexperiments werecontinueduntilallthetumour-
bearing birds had died, or for a minimum period of six weeks, after which time
the surviving birds were killed.
Calculation ofresults.
Inoculations were taken ashaving caused a tumour in all cases where tumours
were palpated at the site of inoculation or where tumour material was found
there at post mortem. From the number of tumours which arose from the inocu-
lations of each dilution of a preparation, the dose of the preparation that would
haveproduced tumours in 50 per cent offowl was calculated in terms of c.c. ofthe
disintegrated tumour from which the preparation was made. The method of'
calculation used was that ofReed and Muench (1938), and thefigure obtained has
been calledby Warner and Gostling (I950) the TPD 50 ; it is show-n in the tables
by its negative logarithm, designated the
" TPD 50 index." Comparison of this
TPD 50 index of various preparations offers a comparison of their tumour-
producing activities.
Strict aseptic technique was maintained throughout all the experimental
procedures.
All theexperimentalprocedures were timed. None was of more than 4 hours'
duration up to the moment of completing the inoculations, thus standardizing
the time inwhichgradualinactivation ofthe virusby oxidation(Pirie andHolmes,
1931) could take place.
RESULTS.
Table I shows that the tumour-producing activity of Rous virus suspensions
made from disintegrated tumour which had been subjected to repeated freezing
and thawing or freezing and drying was reduced as compared with those made
fromuntreatedmaterial. Wherethevirussuspension wasmadefromdisintegrated
tumour which had been frozen and stored, the tumour-producing activity was in
one case greater (Experiment Id) and in the other case less than that made from
untreated material (Experiment 4d).
It will be seen from Table II that washed cells ofthe Rous sarcoma which had
beenexposed to any of the three physical treatments employed had less tumour-
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producing activity than that of comparable untreated samples. The greatest
reduction inactivity was causedbyfreezing anddrying (Experiments lc and 4c).
TABLE I.-The Effect of Repeated Freezing and Thawing, Freezing and Drying,
and Freezing and Storing, on the Tumour-producing Activity of PreparatiOM
of the Rou8Viru8.
Dilutions of preparation and
number of tumours arising Preparation. from 4 inoculations of each
A- ---A
10-0 10-1 10-1 10-3 10
-.9
10% 2 +(2) 2 +(I) 4 3 1
virus 2 +(I) 3 3 3 2
suspension 4 3 3 1 0
3 4 4 4 3
T.P.D.
50
index.
4 -6
4-5
3.6
>5-3
5 -6
3 .8
4 -2
4 -1
Expt. State ofdisintegrated
No. tumour.
la T-Tntreated
b Frozen and thawed x 6
c Frozen and dried
d Frozen and stored 13 days
4a 'Untreated
b Frozen and thawed x 6
c Frozen and dried
d Frozen and stored 28 days
/ 3 +(l)
3
3 . 2 +(2)
3
3
3
3
4
2
4
4
3
2
2
1
3
1
0
0
5%
virus
suspension
Tumours which regressed shown in brackets.
TABLE II.-The Effect of Repeated Freezing and Thawing, Freezing and Drys'ng,
and Freezing and Storing, on the Tumour-producing Activity of Preparations
ofRous Sarcoma Cells.
Dilutions of prepaxation and
number of tumours arising Preparation. from 4 inoculations of each
-X.
10-0 10-11 10-2 10-3 io- 4
10% 3 +(I) 3 +(1) 2 3 3
washed ( x 3) 3 +(1) 2 +(1) 2 2 0
cells 2 +(I) 1 1 0 0
3 +(I) 3 +(1) 3 3 1
T.P.D.
50
index.
5
3 -6
2
4 -6
5-3
4 -9
3 -6
4-4
Expt. State ofdisintegrated
No. tumour.
la
b
c
d
4a
b
c
d
Untreated
Frozen and thawed x 6
Frozen and dried
Frozen and stored 13 days
Untreated 5% 4
Frozen and thawed x 6 ) 4 % washed (x 6) .
Frozen and dried cells 4
Frozen and stored 28 days . . 3 +(I)
4
4
4
3 +(I)
4
4
2
3
4
3
0
2
1
0
0
0
Tumours which regressed shown in brackets.
TABLE III.-The Effect of Various Fowl Sera on the Tunwur-producing Activity
of Rous Virus Suspen8ions when Mixed and Incubated with them.
Dilutions of serum added
to mixture and number of
Expt. Serum mixed with the tumours arising from 4
No. virus suspension. inoculations of each
mixture.
10-0 10-1 10-2 10-3
3 4
1 1
0 0
4 4
1 1
0 0
4 4
4 4
0 3 +(I)
4 4
2 4
1 3 +(I)
2 . Pooled normal
D
E
3 . Pooled normal
c
E
Sera C, D and E were from fowl whose Rous tumours had regressed
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Table III shows the effect of various fowl sera, both neat and diluted in serial
tenfold steps with saline, on the tumour-producing activity of satnples of two
different 10 per cent virus suspensions after incubation with them. Serum E,
from a fowl whose Rous sarcoma had regressed, showed strong neutralizing
powers.
FromTable IVitis evidentthatwashed Rous cellsfrom untreateddisintegrated
tumour were rendered only slightly less active in producing tumours when incu-
TABLE IV.-The Effect ofNeutralizing Serum on the Tumour-producing
Activity ofPreparations of Rous Sarcoma Cells Treated in Variou-s Ways.
Dilutions ofpreparatioil and
Expt. Stato of disintegrated Washed cells number of tumours arising
N'O. tumour. incubated with- from 4 inoculations of each
10-0 10-1 10-2 10-3 10-4
4a Untreated Saline 4 4 4 4 1
Serum E 2 +(2) 2 +(1) 0 1 1
b Frozen and thawed x 6 Saline 4 4 4 3 0
Serum E 0 0 0 0 0
c Frozen and dried Saline 4 4 2 0 0
Serum E 0 1 0 0 0
d Frozen and stored Saline 3 +(1) 3 +(1) 3 9 0
Normal serum 4 4 4 0 0
Serum E 0 0 0 0 0
Tumours which regressed shown in brackets.
bated with neutralizing serum E than when incubated with saline (Experiment
4a). On the other hand, in the case of washed cells which had been subjected to
repeated freezing and thawing or freezing and storing (Experiments 4b and 4d),
incubation with neutralizing serum, in contrast with incubation with saline or
normal serum, totallydeprived them of theirtumour-producing activity. Where
the washed tumour cells had been subjected to freezing and drying, incubation
with neutralizing serum (Experiment 4c) deprived them of most of their tumour-
producing activity. One single tumour arose from all the inoculations made,
resulting from an inoculation of the 1 in 10 dilution of the mixture of serum and
washed cells.
DISCUSSION.
A number ofpoints concerning the methods used require consideration before
proceeding to an assessment of the results which have been obtained.
Disintegrated tumour was subjected to the various physical treatments under
investigation in an undiluted state so that any possible effects attributable to the
presence of diluents were avoided.
The technique offreezing disintegrated tumour in a thin shell in ampoules of
standard size, as has been described, ensured that cold was applied as nearly as
possible in a similar manner to each sample under test, as well as uniformly
throughout individual samples.
Throughout the work the virus suspensions have been considered as being
largely if not wholly cell free. On three occasions 40 c.c. samples of virus
suspensions were subjected to very vigorous centrifugation (9000 r.p.m. for 30324 M. A. EPSTEIN
minutes in a horizontal centrifuge), and the small quantity of structureless
deposit obtained failed to show any intact cells when examined fixed and stained.
Also arguing against the presence of more than an occasional cell in the virus
suspensions is the fact that antiserum was able to neutralize their tumour-
producing activity completely (Table III) even when diluted I in 20, since it has
long been known that such antisera, active against the Rous virus, are ineffective
against the cells (Rous, 1913; Sittenfield, Johnson and Jobling, 1931a, 1931b ;
Gye, 1931) ; indeed confirmation of this fact has been obtained in the present
work (Table IV, Experiment 4a). Finally, Experiments I and 4 show that the
tumour-producing activity of the virus suspensions was of the same orde'r as
thatofthewashedcells obtained inpreparing them (Tables I and11). Atthevery
least the centrifugationemployed must be allowed to haveseparated offthe over-
whelming majority of the cefls, and the great tumour-producing activity remain-
ing with the virus suspensions cannot be attributed to occasional cells left in
them.
Accepting therefore that the virus suspensions were almost entirely if not
wholly cell-free, theability of the Rous virus to retain some of its tumour-pro-
ducingactivity after exposure to cold has beendemonstrated, thusconfirming the
work ofCramer and Foulds (1930) and Selbie and McIntosh (1939), who were able
to prepare active filtrates from Rous tumour material subjected to repeated
freezing and thawing. Confirmation has also been obtained of the ability of the
virus to survivefreezing anddrp'ng, which has been demonstratedby a number of
previous investigators (Knox, 1939a; Hoffstadt and Tripi, 1946; Dmochowski,
1948; Carr and Harris, 1951). As in the work of Knox (1939a), so here the
activity of virus preparations obtained from frozen and dried tumour material
was considerably less than those made from untreated material (Table I, Experi-
ments Ic and 4c). The contention, however, that preparations of Rous virus
madefromrepeatedlyfrozen andthawed sarcoma had agreatertumour-producing
activity than those made from untreated material on account of the treatment
breaking up.the tissue fragments and hberating the virus (Selbie and McIntosh,
1939) has notbeenborne out. Thetumour-producingactivityofvirussuspension's
made from repeatedly frozen and thawed samples of disintegrated tumour was
considerably less than that of the suspensions made from comparable untreated
samples (Table I, Experiments lb and 4b).
With regard to the cells of the Rous sarcoma, the results of the present work
show that cold or desiccationapplied in any ofthe three ways underinvestigation
reduced theirtumour-producing activity as compared to that ofsimilar untreated
preparations (Table II). That the cell preparations were still active after the
treatments could have been due either to the ceRs having survived in a viable
state or to the presence of virus remaining attached to the remnants of the cefls
whichthetreatments haddestroyed. It was considered that ifthelatterhadbeen
the case, and the tumour-producing activity of the treated cell preparations had
been due to virus attached to dead cells, such virus would have been liable to
inactivation if exposed to neutralizing serum. This supposition follows from
the work ofRous, McMaster and Hudack (1935) with vaccinia and the virus ofthe
Shope fibroma, which showed that neutrahzing serum was only able to act upon
virusunprotectedbyhving cells. Experiments 2 and 3(TableIII) wereperformed
to select a suitable anti-Rous virus neutrahzing serum.
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or freezing and storing were totally deprived of their tumour-producing activity
when exposed to the action ofneutrahzing serum (Table IV, Experiments 4b and
4d). Thus, in view of the work of Rous, McMaster and Hudack (1935), all the
activity ofthe cellpreparations treated in either ofthese two ways must have been
due to virus attached to the remains of cells which the treatments had destroyed
or liberated from such dead cells. The failure of the neutralizing' serum to
abolish the tumour-pro-ducing activity of washed cells which had been left
untreated (Table IV, Experiment 4a) is considered to be evidence of the presence
of live cells in the preparation.
The slight reduction in the tumour-producing activity of the untreated
washed cells which was brought about by incubation with neutralizing serum is
considered to be due to the action of the serum on free virus liberated from or
attached to cells damaged during the disintegration of the tumour material.
The washed tumour cells subjected to freezing and drying were deprived of
most oftheirtumour-producing activity after incubation with neutralizing serum
(Table IV, Experiment 4c) ; out of the inoculations made with all the various
dilutions of the frozen and dried washed cells, only one gave rise to a tumour.
This was from one of the inocula of the 10-1 dilution of the mixture of cells and
antiserum. Now, it has long been known that viruses can be recovered from
neutral mixtures with antiserum simply by dilution of the mixture with sahne;
such reactivation has been demonstrated with vaccinia (Andrewes, 1928) and
fowlplague (Todd, 1928), andalthough this
" dilution phenomenon
" is harder to
obtain in the case of the Rous virus, Andrewes (1932) was able to show it con-
clusively. Thesingle tumourresulting from the frozen and dried cellpreparation
which had been mixed withneutralizing serum (TableIV,Experiment 4c) followed
the inoculation of a dilution ofthe mixture I in IO with saline; it is considered to
have been the result of a reactivation of virus in the neutral mixture by the
process of dilution. This explanation of the origin of the tumour is favoured
rather than one assuming the presence of cells in the inoculum which had sur-
vived freezing and drying, since simple freezin of the kind which preceded the
drying was found in the present experiments to be enough to destroy Rous cells
(Table IV, Experiment 4d).
The interpretation of the results of the present experiments which has just been put forward, namely that cold and desiccation destroy the cells of the Rous
sarcoma gains some support from the findings of other workers.
Thus, using Rous cells which had been exposed to a single application ofcold,
neither Simonin (1931) nor Klinke (1940) were able to obtain growth in tissue
culture; though not conclusive, this was at least suggestive of cell death.
With regard to repeated freezing and thawing, Cramer and Foulds (1930) reported that where this treatment was applied to a slow-growing Rous tumour
from which no virus could be extracted, all tumour-producing activity'was abolished ; this afforded the firstexperimental evidence for thebelief, put forward
long before by Rous and Murphy (1914), that such treatment destroyed the cells.
It is of interest to note that the mechanism of the experiment performed by Cramer and Foulds (1930) was similar to that operating here, where repeatedly frozen and thawed material was exposed to neutralizing serum to eliminate the
effects of free virus and establish whether or not viable cells were present. That
the slow-growing tumour used by Cramer and Foulds (1930) failed to yield an
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inhibitor substance ; from the work of Carr (1944) inhibitor substance is now
recognized asbeing the same as serumantibody. Thisantibodyplayed the same
ro'le in neutrahzing the virus liberated from the frozen and thawed slow-growing
tumour cells inoculated by Cramer and Foulds (1930) as that added to similarly
treated material in the present experiments ; in both cases the inocula were
inactive, indicating that the ceRs had been killed.
Many workers have held the view, without offering any evidence in support,
thatdryingdestroysthe cells oftheRous sarcoma(Rous, 1913 ; Rous andMurphy,
1913) 1914; Murphy and Landsteiner, 1925). The only investigations into this
question (Nakahara, 1926) suggested in fact the opposite ; Nakahara (I926)
found that reconstituted desiccated Rous material showed cell migration, but
not growth, in tissue culture. In relating this to the findings reported here it
must be remembered that the drying process used was not preceded by freezing
as in the present work, nor was it ofcomparable efficiency.
CONCLUSIONS.
The workreported here has approached the problem ofthe effects of cold and
desiccation on the tumour-producing activity of Rous sarcoma material by
attempting to keep distinct the action of these treatments on the virus and on
the cells. It has been confirmed that the virus can retain its tumour-producing
activity afterfreezing andstoring,repeatedfreezing andthawing anddrying from
the frozen state as apphed in this work. It has further been shown that this
tumour-producing activity is less in the case of virus preparations made from
repeatedly frozen and thawed or frozen and dried sarcoma material than that of
preparations made from similar untreated material. No support has therefore
been foundforthe contention thatrepeatedfreezing and thawing ofRous sarcoma
tissue prior to extraction causes the liberation of more virus from the ceRs than
takes place when no treatment is apphed.
Freezing and storing, repeated freezing and thawing, and drying from the
frozen state as practised here have 'all been shown to kill the cells of the Rous
sarcoma.
SUMMARY.
Experiments are described, which were performed to establish the effects of
cold and desiccation on the tumour-producing activity of both the cells and the
virus of the Rous No. I fowl sarcoma. Susceptible inbred Brow-n Leghorn fowl
have been used.
The method used to disintegrate Rous sarcoma tissue mechanically, and the
technique of treating the disintegrated tumour material by freezing to below
70' C., by repeated freezing andthawing, andby drying from the frozen state,
are set forth.
A preparation of virus and a preparation'of washed ceRs was made from all
samples of disintegrated tumour, for inoculation into fowl; the methods are
described.
A quantitative method has been used in which the dose of the preparations
inoculated that would have caused tumours in 50 per cent offowl was calculated
in terms of c.c. of the disintegrated tumour from which the preparation was
made. In this way the tumour-producing activity of different preparations has
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The results show that the methods offreezing and storing, repeated freezing
and thawing, and drying from the frozen state which were used here did not
abolish the tumour-producing activity of the Rous virus. Repeated freezing and
thawing when used before preparing virus suspensions from tumour material did
not allow a greater liberation of virus than would otherwise have occurred.
Preparations of washed cells which had been subjected to cold and drying or
had been left untreated were incubated with neutralizing serum to eliminate the
tumour-producing activity of the free virus which they contained and allow the
conditionofthecells, asjudgedbytheirability to causetumours, to beinvestigated.
The results obtained are considered to show that the cells of the Rous sarcoma
were destroyed by freezing and storing, repeated freezing and thawing, and
drying from the frozen state as applied in this work.
These results are discussed in detail.
The expenses of this investigation were borne by the British Empire Cancer
Campaign.
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